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Abstract. In this study, we aimed to determine blood plasma amino acids concentration of 
rainbow trout (Oncorhynchus mykiss) in two different seasons (spring and summer). For this, we 
collected blood samples from specimens of rainbow trout with body weight between 200 and 250 
grams. Specimens studied, both in the spring season and in the summer, were randomly collected from 
breeding pools, and were part of the same batch. Growth and feeding conditions were the same for all 
specimenns studied. The essential amino acids determined were: threonine (Thr), valine (Val), leucine 
(Leu), isoleucine (Ile), methionine (Met), phenylalanine (Phe), tyrosine (Tyr) and lisine (Lys). Non-
essential amino acids determined was: alanine (Ala), glycine (Gly), serine (Ser), proline (Pro), 
hydroxiproline (Hy-pro), ornithine (Orn), aspartic acid (Asp) and glutamic acid (Glu). Determination 
of amino acids concentration was performed by gas-chromatography technique and interpretation of 
results was performed by established statistical methods. For most amino acids, their concentration 
decreased in summer, compared with those recorded in the spring season. 
 




Amino acids play an important role in fish metabolism, because the nutritive value of 
proteins is determined by the amino acids contents (Yamada, 1981). Generally, fish 
nutritional requirements for amino acids, are not different greatly, being most determined by 
age, environmental conditions or diet of each species (Wilson, 1986). Because are 
poikiloterms, fish presents changes in behavior and some physiological parameters according 
to season (Gallardo, 1997), and temperature are one of the major abiotic factors with 
influence on metabolic processes deployment. Due to predatory character of rainbow trout 
(Oncorhynchus mykiss), this requires a high level of proteins in diet, to achieve a maximum 
growth rate (Navarro, 1997). Like most species of fish prey, rainbow trout is using protein for 
energy purposes, against carbohydrate (Kyu, 1997), and therefore, feed structure must to 
contain between 30-60% proteins (Hardy, 1996). Rainbow trout, like all salmonids, do not 
hibernate during periods of low temperatures (Campbell, 2008), as in the case of cyprinids. 
Nevertheless, hardly bear temperatures below 4oC, and growth rate is reduced (Nykänen, 
2006), precisely because they use proteins as the main energy source. In the context of 
increasing economic efficiency on salmonid farms, research in fish nutrition, aim to 
introduction on feed structure some lipids compounds able to substitute the energy role of 
proteins (Yigit, 2002) through high price of their. 
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In the present study, we aimed to determine the amino acids concentration in rainbow 
trout (Oncorhynchus mykiss) blood plasma, in two different seasons (spring and summer), 
while the feed structure is the same in both seasons. 
 
MATERIALS AND METHODS 
 
For this study, were randomly selected, both in the spring season and in the summer, 
20 specimens of rainbow trout (Oncorhynchus mykiss), with body mass between 200 and 250 
grams. The environmental conditions, feeding frequency and feed structure (Tab. 1), were the 
all specimens studied. Fish came from the Fiad trout farm, subordinate unit to National Forest 
Authority, Wine Valley Forestry District, Bistrita-Năsăud County. 
 
                                          Tab. 1 
Composition, structure and additives of trout feed 
 
Composition Structure Additives 
Fish meal 29% Crude protein 45% Vit. A 2.500 IE/kg 
Spybean meal 29% Crude fat 15% Vit. D 500 IE/kg 
Wheat flour 15,5% Carbohydrates 21% Vit. E 150 mg/kg 
Fish oil 10,9% Fiber 2,5% Cu 3 mg/kg  
Blood meal 7,8% Crude ash  8% Antioxidant E324 
Pressed rape seed 6,7% - - 
Monocalcium phosphate 1,1% - - 
 
From each specimen a sample of 3 ml blood was collected trough cardiac puncture, 
using syringes. Collected blood was immediately transferred into heparinized containers and 
centrifuged at 4500 rpm, for five minutes. The blood plasma obtained was transferred into 
Eppendorf tubes with useful volume of 2 ml then was transported at a temperature of 4oC for 
analysis laboratory. An isotopic dilution gas chromatography-mass spectrometric (ID-GC/MS) 
techniques was used to evaluate season effects in quantitative amino acids in fish plasma. The 
stable isotope internal standard used was 15N-Methionine. A Trace DSQ ThermoFinnigan 
quadrupole mass spectrometer coupled with a Trace GC was used. Amino acids were separated 
on a Rtx-5MS capillary column, 30 m x 0.25 mm, 0.25µm film thickness, using a temperature 
program from 50oC, 1 min, 6oC/min at 100oC, 4oC/min at 200oC, 20oC/min at 300oC, (3min). 
The transfer line temperature was 250oC, the injector temperature 200oC and ion source 
temperature 250oC; splitter: 10:1. Electron energy was 70eV and emission current, 100µA. The 
amino acids were purified on a Dowex 50W-W8 exchanges resin and were derivate in a 
procedure following two steps to obtain trifluoroacetyl butyl esters. The identification of amino 
acids was obtained by using NIST library but also by using amino acid standards. 
Concentrations of majority of amino acids decreased in summer time. 
 
RESULTS AND DISCUSSION 
 
Free amino acids play an important role in the maintenance of body fluids osmolarity, 
but their primary role is to serve as substrate in protein synthesis. For aquatic organisms, free 
amino acids are directly involved in the proper conduct of catabolism, influencing in the same 
time, their behavior (Wilson, 1986; Dabrowsky & Guderley, 2002). Free amino acids profile 
and concentration, are influenced by many factors, including: feed composition (Yamada, 1981; 
Yamamoto & co. 2005), feeding frequency and posprandial period (Tanikitti & March, 1995), 
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temperature (Knapp & Wiser, 1980) and salinity (Dabrowsky & co., 1986; Auerswald, 1997). It 
is known that essential amino acids concentration in blood plasma is directly influenced by the 
diet. In the same time, non-essential amino acids concentration are influenced both by the diet 
and the interconversion reaction that are subject (Yamada & co., 1981). 
Tab. 2 
Averages values of amino acid concentrations in rainbow trout blood plasma 
in spring and summer seasons 
 
Spring  Summer Specification  U.M n X±sx V% X±sx V% 
Ala µmol/ml 20 551.23±80.06 64.95 486.32±61.11 56.20 
Gly µmol/ml 20 806.14±115.60 64.13 505.18±19.72 17.46 
Thr µmol/ml 20 265.10±27.16 45.81 208.38±16.17 34.69 
Ser µmol/ml 20 391.32±60.41 69.04 150.70±28.74 85.29 
Val µmol/ml 20 854.50±74.98 39.24 750.49±30.48 18.16 
Leu µmol/ml 20 701.13±57.61 36.75 460.93±23.40 22.70 
Ile µmol/ml 20 375.14±32.02 38.17 279.62±17.06 27.29 
Pro µmol/ml 20 393.68±21.11 23.98 460.54±25.24 24.51 
Hy-pro µmol/ml 20 190.10±19.62 46.16 53.47±4.92 41.18 
Met µmol/ml 20 242.83±13.74 25.31 182.71±5.40 13.21 
Asp µmol/ml 20 743.95±60.65 36.46 447.63±33.02 32.99 
Phe µmol/ml 20 318.76±22.01 30.88 320.02±14.60 20.41 
Orn µmol/ml 20 103.87±11.00 47.38 82.91±6.11 32.97 
Tyr µmol/ml 20 55.54±10.17 81.89 69.17±4.03 26.06 
Glu µmol/ml 20 1692.56±117.75 31.11 1218.23±67.53 24.79 
Lys µmol/ml 20 572.87±50.74 39.61 699.97±49.09 31.36 
 
Individual concentration of plasma free amino acids is correlated both with the amino 
acids that are found in feed structure and their bioavailability. Yamada and his collaborators 
have investigated the free amino acids level in blood plasma of rainbow trout, in the feed, 
which was introduced in addition, casein and a corresponding amino acid mixture.  
Previous tests have shown that the major amino acids in blood plasma were glycine 
(Gly)- 1.502 µmols/ml, alanine (Ala)- 0.601 µmols/ml, glutamine (Gln)- 0.464 µmols/ml, 
serine (Ser)- 0.433 µmols/ml and valine (Val)- 0.357 µmols/ml (Yamada & co., 1981).  
Most essential amino acids in plasma increased immediately after feeding with the 
amino acid mixture, while the development of non-essential amino acid was different. Values 
obtained in our study (Tab. 2, Fig. 1, 2) are similar to those obtained by Yamada and his 
collaborators at 6 hours after the feeding: lysine (Lys)- 572.87 µmols/ml vs. 747 µmols/ml, 
leucine (Leu)- 701.13. µmols/ml vs. 672 µmols/ml and methionine (Met)- 242.83 µmols/ml 
vs. 252 µmols/ml. There are significant differences between values obtained in our study and 
those reported by other authors (Dabrowsky & Guderley, 2002), but they are determined by 
the different environmental conditions, the postprandial period and the different diet. 
In our study, except for lysine (Lys), all essential amino acids showed lower values in 
summer, compared with levels recorded in spring. Long-chain amino acids (Val, Leu, Ile), 
and short-chain amino acids (Gly, Ala, Ser), had lower values in summer. Thus, if for samples 
taken in spring, the concentration of valine (Val) in blood plasma of rainbow trout was 854.50 
µmols/ml, during the summer, it fell to 750.49 µmols/ml. Similary, if leucine (Leu) and 
isoleucine (Ile) were recorded during spring concentration values of 701.13 µmols/ml, 
respectively 375.14 µmols/ml, while in summer they drop to 460.93 µmols/ml, respectively 



































If short-chain amino acids were recorded the same trend of decreasing values in 
summer, compared with spring. Thus, if glycine (Gly) in spring was recorded a mean blood 
plasma concentration of 806.14 µmols/ml, while in summer falling to 505.18 µmols/ml. 
Differences in plasma concentration of rainbow trout were recorded and if alanine (Ala), in 
spring its value being 551.23 µmols/ml, while in summer its concentration falling to 486.32 
µmols/ml. The most obvious difference for shot-chain amino acids was recorded for serine 
(Ser), were in spring was recorded a value of 391.32 µmols/ml, while in summer the value 
recorded to be 150.70 µmols/ml, being decreased by 61.49% from baseline. 
I also noticed that the values of all essential amino acids (except Pro and Tyr) in plasma, 
decreased in summer compared with spring. The same downward trend was observed in the 
case of plasmatic free amino acids values. Gallardo and his collaborators have tested the ability 
of trout erythrocytes, to take short-chain amino acids, depending on the season. The authors 
observed a maximum of their absorption during winter and spring, in summer and autumn 
seasons were recorded a minimum absorption (Gallardo & co., 1997). They also found that a 
temperature rise above the normal water 2oC decreased dramatically protein anabolism (Reid & 
co., 1997).  
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Our research shows that both the essential amino acids and non-essential aminoacids 
in blood plasma of rainbow trout are significantly affected by environmental conditions, 
especially by temperature. 
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